Introduction
The electric double-layer (EDL) capacitor is an energy storage device based on the phenomenon that an EDL is formed at the boundary between an electrode surface and an electrolyte'). EDL capacitors composed of a pair of porous carbon materials such as activated carbons are expected to be applicable as startup devices for fuel cell and hybrid cars2)-4). Activated carbons are used for EDL electrodes because their large specific surface areas are suitable for both adsorption and desorption of electrolyte ions without electrochemical reactions and because they are highly electrically conductive, enabling rapid and complete chargedischarge cycles. Thus, in recent years various types of activated carbons have been synthesized in an attempt to develop high-power EDL capacitors5)-8).
Carbonization of wood into charcoal is an effective end-use of wood. Wood charcoal has traditionally been used as a fuel, as an adsorbent, and for soil improvement and humidity control. A potential new application for wood charcoal involves transformation of the charcoal to suitable porous activated carbons for use in EDL capacitors.
Wood is a naturally occurring composite material composed of cellulose, hernicellulose, lignin, extractives, and inorganic compounds distributed heterogeneously in a cell wall structure9) Wood has been used as a raw material for activated carbons, but there are important differences between wood and other raw materials such as coals, tar pitch, and synthetic resins. For example, oxygen is much more abundant in wood than in coals and tar pitch, and, unlike synthetic resins, wood has difficulty in controlling three-dimensional structure artificially. In addition, the presence of impurities, inhomogeneity, and low yield are problematic in manufacturing activated carbon from wood. However, if the unique structural features of wood could be maintained during carbonization and activation processes, activated carbons with well-defined pore sizes could be obtained. It is well-known that pore structure plays an important role in EDL formation. However, there have been few studies on the use of wood charcoal for electrodes of EDL capacitors) .
In the present study, we compare the capacitor characteristics of wood charcoals with those of commercial activated carbon fibers (ACFs). On the basis of EDL capacitor performance and pore structure, which affects performance, we discuss the possibility of preparing EDL capacitor electrodes from wood charcoal. 
Experimental

Sample preparation
Variation of charge-discharge curve with cycle number
The charge-discharge curves of the first and final cycles for AC-La ( Fig.2a ) and ACF 1 (Fig.2b) showed that the samples performed differently with increasing cycle number. The curves for AC-La are almost the same between the 1st and 12th cycles, except for a small decrease in the charge-discharge time. In contrast, the charge-discharge time for ACF 1 became gradually longer with increasing cycle number from the Pt to the 16th cycle; thereafter it remained constant until the 33rd cycle. The curves for the 1st, 20th, and 33rd cycles are shown in Fig.2b . The difference in the cycling curves for AC-La and ACF 1 can be explained in terms of the permeability of the electrode to electrolyte ions ; that is, the difference in the cycling curves suggests that the electrolyte ions in solution can diffuse more easily into the AC-La electrode than into the ACF 1 electrode. For electrodes prepared from wood charcoals, the charge-discharge time changed only slightly over several tens of cycles. The ACF 2 electrode showed the same tendency as the ACF 1 electrode.
Capacitance with charge-discharge cycles
The variation of the EDL capacitance with cycle number is shown in Fig.3 . Each capacitance value was obtained from the discharge curve measured at a constant current of 2 mA. The capacitance for ACF 1 and ACF 2 increased rapidly with increasing cycle number, whereas that for the wood charcoals was almost constant.
Nitrogen adsorption isotherms
The pore structure of the carbon material used for the electrode influences the performance of EDL capacitors. To clarify the relationship, we examined the nitrogen adsorption isotherms for the activated wood charcoals from hardwood (Fig.4a) , softwood (Fig.4b) , and ACFs (Fig.4c ).
The shapes of the adsorption isotherms of the five wood charcoals (Figs.4a, 4b) are similar, though the amount of nitro- gen adsorbed varies among the charcoals. These isotherms show a steep rise in nitrogen adsorption at low relative pressure followed by a gradual increase at higher relative pressure. In addition, hysteresis loops are observed. According to the adsorption isotherm classification of IUPAC14) , these adsorption isotherms are composed of type I ( microporous) and type III ( mesoporous) isotherms. Furthermore, the hysteresis loops are almost type H4 hysteresis loops. Thus, Figs.4a, 4b indicate that the charcoals contain a considerable amount of micropores as well as mesopores and that the mesopores have a slit-like shape. In contrast, the ACF isotherms show a steep rise in nitrogen adsorption at low relative pressure followed by saturation at higher pressure, and no hysteresis loops are observed (Fig.4c) . The ACF isotherms are classified as typical type I isotherms containing mainly micropores.
3.5 Relationship between capacitance and pore structure EDL capacitance and pore characteristics are summarized in 
